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Summary
Anisakis species are marine nematodes which can cause zoonotic infection in humans 
if consumed in raw, pickled or undercooked fish and seafood. Infection with Anisakis is 
associated with abdominal pain, nausea and diarrhoea and can lead to massive infiltra-
tion of eosinophils and formation of granulomas in the gastrointestinal tract if the 
larvae are not removed. Re- infection leads to systemic allergic reactions such as urti-
carial or anaphylaxis in some individuals, making Anisakis an important source of hid-
den allergens in seafood. This review summarizes the immunopathology associated 
with Anisakis infection. Anisakiasis and gastroallergic reactions can be prevented by 
consuming only fish that has been frozen to −20°C to the core for at least 24 hours 
before preparation. Sensitization to Anisakis proteins can also occur, primarily due to 
occupational exposure to infested fish, and can lead to dermatitis, rhinoconjunctivitis 
or asthma. In this case, exposure to fish should be avoided.
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1  | INTRODUCTION
Through consumption of animal products, including fish, humans are sus-
ceptible to a variety of parasitic foodborne zoonoses, many of which are 
caused by helminths. Helminth infections can be transmitted from fresh-
water, brackish and marine fish and include liver fluke diseases such as 
clonorchiasis, opisthorchiasis and metorchiasis, intestinal trematodiasis 
caused by heterophyids and echinostomes, anisakiasis and pseudoter-
ranoviasis caused by Anisakis and Pseudoterranova nematode larvae, and 
diphyllobothriasis (tapeworm infection).1 Traditional and modern habits of 
eating raw or incompletely cooked fish are the major reason for acquired 
zoonotic infections, in most cases. Due to the recent worldwide popu-
larity of sushi and dishes in which fish or seafood is lightly cooked, the 
consumption of raw or improperly cooked fish is even increasing in some 
regions.2,3 This review will focus on Aniskais, a marine nematode capable 
of causing severe infection and allergy, and the immunology of anisakiasis.
1.1 | Anisakiasis – a zoonotic helminth infection 
acquired from marine fish
Marine fish are wild animals and can also be parasitized with a vari-
ety of helminths, including cestodes (tapeworms) and nematodes 
(roundworms).1 A family of nematodes, the anisakids (family 
Anisakidae), is common in marine fish, which are paratenic hosts, 
and is able to cause symptomatic infections in humans, which are 
accidental, nonpermissive hosts. Symptoms of anisakiasis include 
mild- to- severe abdominal pain, nausea and diarrhoea and can 
also include strong allergic reactions.4,5 The genus most com-
monly causing human infections is Anisakis, particularly the two 
sibling species A. simplex sensu stricto (s.s). and A. pegreffii, but 
also A. physeteris.6–9 These nematodes have cetaceans (whales 
and dolphins) as a definitive host. A closely related anisakid, 
Pseudoterranova decipiens, is the second most commonly reported 
cause of human infection by a marine nematode and has seals and 
sea lions as a final host.10,11 Contracaecum (definitive host: birds) 
and Hysterothylacium (definitive host: fish, birds reptiles or marine 
mammals) 12 are other anisakid parasites which have been report-
ed to rarely cause disease.13–15 The term “anisakidosis” is used to 
describe disease caused by any member of the family Anisakidae, 
while “anisakiosis” or “anisakiasis” is usually used to describe dis-
ease caused by Anisakis species alone.4,16,17 Since the first reported 
case of anisakiasis in the 1960s,18 thousands of cases have been 
reported, primarily from Japan but also hundreds from Europe and 
other parts of the world.4
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1.2 | Infection of fish by anisakids
The life cycle of Anisakis (Fig. 1) includes larval stages, which use 
crustaceans as intermediate hosts and fish as paratenic hosts, and 
adult worms, which reside and reproduce in marine mammals.4 Adult 
worms living embedded within the stomach of sea mammals release 
eggs which are expelled into the ocean via the faeces. On the ocean 
floor, the eggs embryonate, and larvae develop and hatch. Free- living 
stage 2 larvae (L2) are ingested by planktonic crustaceans, in which 
they develop into L3. The crustaceans are in turn consumed by fish 
or directly by whales. Fish are consumed by sea mammals such as 
dolphins. Within the definitive hosts, whales and dolphins, Anisakis 
moult into stage 4 larvae and then adult worms, and the life cycle 
begins anew. If, however, the larvae are ingested by humans, who 
are accidental hosts, the larvae cannot complete their life cycle. A 
large number of fish species act as paratenic hosts for Anisakis and 
other anisakids, with different host ranges found between species, 
most likely due to different geographic distribution and feeding hab-
its.1,19–22 Molecular analysis indicates at least nine Anisakis species: 
the A. simplex complex consisting of A. simplex sensus stricto (s.s), 
A. pegreffii and A. simplex C; the A. physeteris complex consisting of 
A. physeteris, A. paggiae and A. brevispiculata, A. typica,  A. ziphidarum 
and A. nascettii.23–27 Distribution patterns of different Anisakis species 
within different climate zones and oceans, congruent with their final 
hosts, may be affected by changes in climate patterns and host num-
bers.1,22 In fact, parasites such as Anisakis can be used as biological 
indicators for host distribution and abundance.22
1.3 | Anisakiasis
Infection with Anisakis larvae can lead to a range of diseases, which 
can be grouped into gastric anisakiasis, intestinal anisakiasis, ectopic 
(extra- gastrointestinal) anisakiasis and gastroallergic anisakiasis.4,5 
Symptoms of acute gastrointestinal anisakiasis include sudden 
abdominal pain from a few hours to a few days following ingestion 
of parasitized raw fish, depending on whether it attaches to or pen-
etrates the stomach (gastric anisakiasis) or the intestine (intestinal 
anisakiasis).4,28,29 In the case of gastric anisakiasis, the larvae can be 
seen by gastroscopy and physically removed with forceps. In intesti-
nal anisakiasis, it is not easy to remove the worm and often requires 
surgery due to severe abdominal pain and/or intestinal obstruction 
caused by inflammation.
Kikuchi et al.29 describe intestinal anisakiasis as occurring in 
mild or fulminant forms. The mild form is thought to be primarily 
due to a primary infection, with pain that is often tolerated by the 
patient, which means the worm is not removed and may cause the 
formation of a granuloma that is later misdiagnosed as a tumour, 
ulcer, chronic appendicitis or another intestinal disease. The fulmi-
nant form, with more severe symptoms, is suggested to be due to 
a reinfection and allergic inflammatory reaction against larvae and 
their proteins. The thickness of the intestinal wall can increase by 
threefold to fivefold due to oedema and cell infiltration. The most 
intense histological changes occur around the larva, with inflam-
mation and oedema accompanied by exudates of fibrin and small 
haemorrhagic lesions.
Purely gastrointestinal cases can occur without any allergic 
reactions, often accompanied by pain and inflammation, and in this 
case, it is preferable to physically remove the larvae so that it does 
not cause tissue damage that may lead to chronic symptoms. On 
the other side of the spectrum is gastroallergic anisakiasis, where 
there are often acute allergic symptoms (ranging from urticarial or 
angioedema to anaphylaxis) with minor or no gastrointestinal symp-
toms, and the larvae are normally expelled by the violent allergic 
reactions (vomiting, diarrhoea) so that gastroscopic removal is not 
necessary.5,30,31
Cases of ectopic anisakiasis are less common include penetration 
of the larvae into tissues such as the pharynx, tongue, lung, peritoneal 
cavity, lymphatic ganglia or pancreas are possible.9,32
1.4 | Immune pathology in anisakiasis
In their definitive hosts, cetaceans, adult Anisakis worms live in the 
stomach 33,34 (Fig. 2). The first compartment of the stomach of ceta-
ceans (the forestomach) is nonglandular and does not secrete gastric 
juice.35 In one study, parasites were found primarily located in the 
forestomach in necropsied cetaceans, associated with gastric ulcers,34 
F IGURE  1 Life cycle of Anisakis species. (1) Marine mammals 
such as dolphins and whales are the definitive hosts of Anisakis 
species. Anisakis adult worms produce eggs in the intestine of the 
cetaceans, which pass into the water in the faeces. (2) Anisakis larvae 
embryonate and develop within the eggs, which hatch to release 
(3) free- living stage 2 larvae (L2). Planktonic crustaceans (4) ingest 
L2, which moult into L3. (5) Fish or squid ingest crustaceans and 
become infected with L3, which reside in the gut. Larger fish that 
are piscivorous can become infected many times. (6) Ingestion of 
infected fish or crustaceans (4) by marine mammals allows Anisakis 
larvae to enter its definitive host. The larvae moult to become adult 
worms and the life cycle continues. (7) Ingestion of infected fish by 
humans or other land mammals interrupts the Anisakis life cycle, as 
the larvae cannot moult into adult worms or reproduce. Humans 
may experience gastrointestinal pain or allergic reactions as a 
consequence of the immune response to the parasite
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while in another study, parasites occurred in all compartments and 
were mostly free living.33 In contrast to the multichambered cetacean 
stomach, the one- chambered human stomach is highly acidic and has 
been suggested to present a challenge to the larvae, which may pen-
etrate the gastric mucosa to avoid it.35 Studies indicate that A. simplex 
is more resistant to acidic conditions than A. pegreffii.35,36 Anisakis 
releases proteases that are able to degrade major components of gas-
trointestinal tissues, allowing it to invade the mucosa and submucosa 
by creating tunnels and burrows.37
Parasites were found associated with gastric nodules in whales, 
at the caseous necrotic centres of granulomas, which were filled with 
degenerating eosinophils.38 Around the eosinophilic centre was a 
broad zone of epithelioid granulation tissue, surrounded by fibrous 
tissue. Similarly, in other cetaceans, ulcers occurred within the gastric 
mucosa, sometimes associated with oedema and haemorrhage.33,39 
Chronic lymphoplasmacytic gastritis, eosinophilic and granulomatous 
inflammation with giant cells, hemosiderosis, fibrosis and necrosis 
were associated with the location of the parasites.33,39 Similar eosin-
ophilic granulomas and abscesses or ulcers have been identified in 
gastric and intestinal lesions occurring in humans after attachment 
to the gastrointestinal mucosa or penetration of the gastrointestinal 
wall and submucosa by the ingested larvae and migration through the 
tissues.14,15,38,40
The larvae usually die within a few days in humans 41 and are bro-
ken down in about eight weeks, during which time larval remains are 
surrounded by oedema, necrosis and cellular inflammation composed 
mostly of eosinophils but also neutrophils, lymphocytes and mono-
cytes, deposition of fibrotic tissues and formation of foreign body 
giant cells and lymphocytes, and ultimately, a granuloma.8,15 The main 
role of granulomas is to protect the host by walling off pathogens 
or persistent irritants.33 Dead Anisakis larvae are not easily degrad-
able; therefore, they are typical of stimuli that incite a granulomatous 
response.33 Anisakis- induced granulomas have been mistaken for 
tumours in the past, but gradually disappear in most patients, leading 
to the term “vanishing tumours”.8,42 In some patients, the inflamma-
tion takes longer to resolve, resulting in symptoms of chronic anisa-
kiasis. It has been suggested that invasion of bacteria into the lesions 
formed around larval remains could exacerbate and prolong the ulcer-
ation.33,43 Over time, the larvae become broken down and degener-
ate, and the remains are surrounded by eosinophils and neutrophils 
and sometimes surrounded by foreign body giant cells. With formation 
of a granuloma and clearance of larval debris, lymphocytes start to 
predominate instead of eosinophils, and it can be hard to recognize 
that the granuloma was caused by a parasite. The process of granulo-
ma formation is summarized in Fig. 3.
Anisakis infection is sometimes associated with systemic neutro-
philia or eosinophilia.14,44 The extent of tissue damage and inflamma-
tion resulting from infection with the small (1–3 cm long) larvae points 
to interaction between the host immune system and substances 
secreted by or contained within the larvae as the cause of the pathol-
ogy.35,41 Anisakis extract was shown to be chemotactic for eosinophils 
but not neutrophils45,46; however, tissue damage itself may induce 
the neutrophils.4,47 Eosinophil major basic protein and inducible nitric 
oxide synthase, molecules that aid in helminth killing, were detected 
in the inflammatory infiltrate of biopsies from patients with anisakia-
sis,48 and serum levels of eosinophil cationic protein were found to 
be raised in the first 72 hours after gastrointestinal infection.44 The 
release of these substances and other products such as peroxidases 
and eosinophil- derived neurotoxin probably aid in killing the larvae, 
but also cause local tissue damage.47 PCRs on intestinal biopsies from 
anisakiasis patients detected expression of T- cell receptor and the Th2 
cytokines IL- 4 and IL- 5, but not IFN- gamma or IL- 2, indicating a Th2 
type immune response.48 IL- 4 stimulates IgE production, while IL- 5 is 
responsible for inducing eosinophil proliferation, differentiation and 
activation and can increase the killing ability of eosinophils.49
1.5 | Anisakis and cancer
Anisakiasis granulomas are occasionally misdiagnosed as gastric 
cancer; however, the two diseases can also be concurrent.40,50 
An interesting characteristic of Anisakis larvae is that they tend to 
attach to vulnerable mucosa, such as ulcers,40 and possibly to can-
cerous mucosa because of the local defect in acid secretion, change 
in mucin and other structural alterations.50 Sonoda et al.40 list 29 
case reports in which Anisakis parasites were found attached to 
cancerous tumours, usually early gastric cancer, and subsequently 
F IGURE  2 Anisakis simplex parasitizing the glandular stomach of 
a common minke whale, exhibited in the National museum of Nature 
and Science, Tokyo, Japan. Photograph from Wikipedia commons, 
licensed under the Creative Commons Attribution- Share Alike 3.0 
Unported licence. Photograph credit: Momotarou 2012
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performed studies with another nematode, Caenorhabditis elegans, 
that indicated that nematodes may be able to identify tumours by 
scent detection.51 On the other hand, it has also been suggested 
that Anisakis infection could be a cofactor for development of 
gastric cancer.52 Recently, higher levels of specific IgA directed at 
recombinant Anisakis proteins rAni s1 and rAni s5 were detected in 
patients with gastric cancer compared to controls; however, there 
was no significant difference in levels of Anisakis- specific IgG1 or 
IgE, which would normally be detected after Anisakis infection.53 
Therefore, to date, there is no evidence linking Anisakis infection 
to the development of gastric cancer. Many pathogens associated 
with intense or persistent inflammation and tissue damage, includ-
ing DNA damage, are associated with carcinoma.54 Infection with 
fish trematodes is associated with carcinoma of the bile duct or pan-
creas in some cases.1,55 Other helminths associated with cancer are 
Schistosoma haematobium (bladder cancer), Clonorchis sinensis (liver 
cancer, cholangiocarcinoma) and Opisthorchis viverrini (liver cancer, 
cholangiocarcinoma).54
1.6 | Immune responses to nematode infections
Upon a primary exposure to a helminth, various degrees of inflam-
matory responses are triggered, characterized by the recruitment of 
inflammatory effector cells such as neutrophils and eosinophils and 
changes in blood vessel permeability and blood flow.56,57 These 
changes can be initiated by the activation of the alternative comple-
ment pathway and the nonspecific degranulation of mast cells. Basal 
levels of eosinophils are always present, and the presence of hel-
minths can cause them to rapidly infiltrate to the site of infection.58,59 
In mice, helminth infections are associated with eosinophilia, mas-
tocytosis, goblet hyperplasia, high total (polyclonal) IgE production, 
helminth- specific IgE and IgG1 production and the accumulation of 
alternatively activated macrophages.57,60–63 Similar features are evi-
dent in humans and livestock.64,65 Nonspecific inflammation is mini-
mal in most natural host–parasite systems, but is often enhanced in 
zoonotic infections where the host is unnatural or nonpermissive.57 
Anisakis species and Ancylostoma caninum, a canine hookworm, are 
examples of unnatural parasites of humans that can elicit significant 
eosinophilic enteritis during a primary infection.66 Natural parasites 
have evolved evasive mechanisms and immunosuppressive molecules, 
and enhanced effector responses mediated by the adaptive immune 
system are required for their expulsion.67–69
Experimental models indicate that the effector mechanisms 
required for expulsion or destruction of nematodes vary between 
species and between larval and worm forms of the parasite.57,60,67,70 
For example, eosinophils appear to play a role in damaging or killing 
infective larvae and encysted stages of the parasite life cycle, but do 
not appear to play a role in the expulsion of mature worms, except 
in unnatural or nonpermissive hosts.57,71,72 Eosinophils release potent 
mediators such as eosinophil peroxidase and major basic protein that 
can damage and kill helminth larvae.73 Specific antibody is thought 
to enhance eosinophil- mediated killing of larvae through antibody- 
dependent cytotoxicity.57,74,75 In particular, IgE production has been 
associated with acquired immunity to helminth infection in humans 
76 and sheep,77 and vaccine- mediated protection against larval 
Onchocera volvulus in mice required both eosinophils and IgE.74
In contrast, expulsion of intestinal dwelling adult worms requires 
mast cells, goblet cells and altered activity of nonhaematopoietic cells 
such as smooth muscle cells, goblet cells and epithelial cells, which 
render the gut lumen environment intolerable for the establishment 
or survival of nematodes, all effector mechanisms orchestrated by Th2 
cytokines.57,67,78 As helminth larval stages migrate through the lungs 
or skin, similar effector responses can be initiated at these sites.79 
The Th2 cytokines driving these responses are the same as those that 
drive allergic diseases and are responsible for the symptoms of gas-
troallergic anisakiasis, such as diarrhoea, vomiting, itching, angioede-
ma, urticaria and anaphylaxis, as well as Anisakis allergy, which can 
have symptoms such as asthma, rhinoconjunctivitis, urticaria and 
atopic dermatitis, primarily driven by mediators released from mast 
cells.80,81
F IGURE  3 Formation of a granuloma after primary infection with Anisakis. (1) The larva penetrates the tissue, secreting proteins that are 
chemotactic for eosinophils. Tissue damage induces neutrophil recruitment. (2) The larva is surrounded by large numbers of eosinophils which 
release toxic killing molecules, as well as neutrophils, lymphocytes and monocytes. Fibroblasts are recruited and deposit connective tissue to 
form a granuloma. Formation of foreign body giant cells occurs. (3) Larval remains are surrounded by eosinophils and necrosis in the centre of 
the granuloma, surrounded by foreign body giant cells and connective tissue. Lymphocytes begin to appear. (4) Larval remains are broken down 
and unrecognizable. The cellular infiltration becomes composed primarily of lymphocytes, making it hard to recognize that a parasite triggered 
the formation of the granuloma. The generation of memory T and B cells during primary infection sensitizes the host, who may experience 
allergic reactions upon subsequent exposure to Anisakis
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Sneezing, coughing, tearing, diarrhoea and vomiting are other 
examples of “expulsion” responses that can be observed in allergy.82 
The strong immunopathological responses seen in allergy usual-
ly do not occur during helminth infection, although both situations 
involve Th2 responses, including IgE production and eosinophilia. It is 
thought that this is because chronic and/or high burden parasite infec-
tions also induce strong regulatory responses, such as TGF- beta and 
IL- 10- producing cells, which suppress excessive immune responses, 
facilitating the survival of the parasite and also reducing host tissue 
damage.83 While allergic symptoms are not frequent in helminth infec-
tions, they occur more commonly in zoonotic infections such as anisa-
kiasis.31 Infection with trematodes from fish can also cause bronchial 
asthma and allergic lesions in the early stages of infection.1,55 Allergic 
reactions due to infection with Anisakis and other zoonoses could be 
due to the relatively low numbers of larvae to which most patients are 
exposed and the fact that no mutual adaptation has evolved.84
The outcome of any parasite–allergy interaction appears to 
depend upon the balance between parasite induction of suppressive 
regulatory (IL- 10/TGF- beta driven) responses and allergic Th2 (IL-4/
IL-13 driven) responses.85 It has been suggested that there is a cor-
relation between the amount of tissue damage caused by a helminth 
(which would often correlate to the parasite burden) and its ability to 
induce regulatory immune responses. Helminths can cause extensive 
tissue damage while migrating through the host, which may explain 
why wound- healing pathways are strongly linked to antihelminth 
responses.86,87 In an experimental infection model, rats infected with 
high numbers of Anisakis larvae developed weaker IgE responses than 
those infected with few larvae, suggesting the ability of high burden 
worm infections to stimulate a suppressive response.88
1.7 | Induction of Th2 responses
Infection with Anisakis larvae induces strong Th2 responses in mice, 
and evidence of Th2 responses is also seen in humans.30,48,80 As hel-
minth infections are consistently associated with Th2 type responses, 
it is possible that there are molecular features common to helminths 
that are recognized by the host.60,82,86,89,90 Pattern recognition 
receptors for helminths have not yet been identified, and in general, 
the trigger for Th2 cell differentiation is not understood, although it 
appears to require IL- 4.91 It is possible that the tissue injury caused by 
these large multicellular parasites, or molecular proxies of this tissue 
damage, may be the trigger for type 2 immune responses.82,92,93 For 
instance, it has been shown that the Th2- promoting cytokines IL- 33 
and thymic stromal lymphopoietin (TSLP) are released by epithelial 
cells and epidermal cells, respectively, after damage 94,95 and that ATP 
released from dying cells promotes Th2 responses in the lungs.96
The The2- inducing ability of some allergens also seems to rely on 
their enzymatic activity, for example the house dust mite protease Der 
p 1 97 and bee venom phospholipase.98,99 In addition, experimental 
data demonstrates that concomitant administration of the house dust 
mite allergen Der p 1 or mould proteases with normally tolerogenic 
antigen renders it allergenic. Protease allergens such as Der p 1 have 
the ability to cleave proteins that make up the tight junctions between 
epithelial cells lining the lungs, nasal passages and gut. In this way, 
they bypass the physical barriers of the body and gain abnormal access 
to subepithelial immune cells. Access to subepithelial immune tissue 
rich in antigen- presenting cells is considered a primary risk factor for 
the development of allergic sensitization. Parasitic helminths such as 
Anisakis release large amounts of proteases which facilitate the pene-
tration of host tissues and the digestion of tissues for nutrients.98,100 
Proteases in excretory–secretory products are therefore among the 
first Anisakis antigens to which the host is exposed. It has been shown 
that pathogen and allergen proteases can directly influence immune 
responses by cleaving various receptors and costimulatory molecules 
on dendritic cells, macrophages, T cells and mast cells, including CD40, 
CD23, CD25, TLR3, DC- SIGN, CD14 and protease- activated recep-
tors.98,101–107 However, the strong Th2 responses induced by Anisakis 
and its extracts are not yet completely understood.
1.8 | Anisakis allergy
Anisakis allergy and gastroallergic anisakiasis are relatively common in 
Spain 108,109 and Italy 7,110 and have been reported from Japan 111,112 
and Korea,113 but are rarely reported from other parts of Europe or 
the rest of the world.114 This is likely due to differences in dietary con-
sumption of raw or pickled fish, with awareness and diagnosis of the 
disease possibly a contributory factor. In both Spain and Italy, most 
cases of gastroallergic anisakiasis occur after consumption of raw 
marinated anchovies, a popular local dish, as well as after consump-
tion of undercooked hake or cod.7,115,116 Gastroallergic anisakiasis 
was also reported from Korea in connection with consumption of 
flatfish, congers, squid, whelk and tuna.113 In Spain, Anisakis sensitiza-
tion accounts for a high number of initially unexplained acute allergic 
episodes, as well as chronic urticaria.4,108,116–118 In Italy, Anisakis is 
also a frequent cause of chronic urticaria,119 and Anisakis parasites 
in mackerel were found to be the main cause of seafood- associated 
urticaria in Japan, which was described as occurring commonly.111 
Elimination of raw fish from the diet improved chronic urticaria in 
one study,119 while in another, total elimination of fish from the diet 
did not improve urticaria, and it was suggested that oily fish may in 
fact improve urticaria because of its high content of antiinflammatory 
omega- 3 fatty acids.120
Infection with parasites generates specific IgE against parasites; 
therefore, the presence of specific IgE or a positive skin prick test 
alone does not indicate allergy, which can only be assessed by a clini-
cal history, but only sensitization.114,121,122 Eosinophilic inflammation 
is typically induced against the parasite as part of the host defence 
responses, but allergic reactions such as urticaria, angioedema and 
anaphylaxis appear to involve a separate mechanism, as they do not 
occur in all patients. Patients with allergic reactions do not usually 
recall a previous episode of anisakiasis, but must have had one to gen-
erate the IgE antibodies causing their allergic reactions, indicating that 
the primary infection was mild or asymptomatic.84 The violent allergic 
reaction (including vomiting and diarrhoea) usually expels the parasite, 
suggesting that the allergic response functions as an immune defence 
mechanism.31
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It is often debated whether live Anisakis larvae are required for 
allergic reactions.4,115,122 Overall the evidence suggests that while liv-
ing larvae are in most cases required for both the initial sensitization 
and subsequent gastroallergic reactions, in a small number of cases 
sensitized individuals may react to proteins of dead larvae.123–127 The 
allergenicity of Anisakis proteins is evident from the fact that fish pro-
cessing workers or others who frequently work with fish can develop 
Anisakis- induced asthma, rhinoconjunctivitis and dermatitis.80,128–130 
However, patients with previous gastroallergic anisakiasis reactions do 
not react to dead larvae or larval proteins administered as a challenge, 
and a diet excluding raw fish seems to prevent most reactions, with 
the removal of unfrozen fresh fish preventing additional reactions due 
to the possibility of the fish not being cooked thoroughly.123,126,131,132 
A wide range of Anisakis allergens have been identified, which 
include molecules such as protease inhibitors, tropomyosin and 
haemoglobin.133–135
1.9 | Animal studies of Anisakis immunology
Animal models have been used to try to dissect immunological mecha-
nisms of disease, clarify aspects of responses to live and dead larvae 
and determine the pathogenicity of various Anisakis species.136–142 
There has been speculation that some species of Anisakis may be more 
infective than others; however, A. simplex, A. pegreffii, A. paggiae and 
A. physeteris are all able to infect rats.143,144
In both rats and mice, Anisakis infection leads to similar pathology 
to humans, with infiltration of eosinophils and neutrophils and forma-
tion of granulomas with multinucleate giant cells. In primary infection 
in rats, oedema was mild, with fibrous and granulomatous changes 
appearing around day 7, foreign giant cells by week 5 and a granu-
loma by week 11. After re- infection, oedema was more severe.29,139 
In mice, neutrophils accumulated around week 1, and at two weeks, 
most larvae were still viable and surrounded by granulocytes, occa-
sional multinucleate giant cells, and mature granulomata consisting of 
eosinophils, fibroblasts and collagen.139 After three weeks, the larvae 
had been invaded by inflammatory cells and were dead, surrounded 
by granulomata consisting of connective tissue, eosinophils and mul-
tinucleate giant cells. Antibodies were at first generated to excreto-
ry–secretory products of the larvae and later to somatic antigens after 
the larvae had been broken up.138 IgG1 was the predominant IgG 
isotype produced,80,138 and Th2 cytokines were induced in wild- type 
mice.80,145 Re- infection caused an increase in specific IgE antibodies 
in both rats and mice, indicating that multiple infections with Anisakis 
larvae promote IgE production.80,88,136 Only live larvae were found to 
induce antibodies in rats,146 supporting the idea that allergic sensiti-
zation requires live infection in humans.122 However, challenge of sen-
sitized mice with Anisakis protein extract was able to induce allergic 
symptoms such as itching, diarrhoea and mucus hypersecretion in the 
lungs,80 suggesting that it is possible for sensitized patients to react to 
larval proteins, if they are exposed to high amounts.
Symptoms of Anisakis infection in humans are varied, ranging from 
asymptomatic or mild infection to gastrointestinal anisakiasis to gas-
troallergic anisakiasis. The important of the genetic background of 
the host in the immune responses to Anisakis is demonstrated by the 
varying responses in mice of different strains and knockout mouse 
strains.80,145 Wild- type BALB/c mice mount a Th2 response to infec-
tion, associated with allergic symptoms after subsequent exposure 
to Anisakis proteins, whereas IL- 4Rα- deficient mice mount a Th1 
response to infection have increased levels of infiltrating immune 
cells in the intraperitoneal cavity and show no signs of allergic dis-
ease upon exposure to Anisakis proteins.80 This is similar to a human 
study in which raised IFN- gamma and lower IgE was associated with 
predominantly gastrointestinal symptoms and weak or no allergic 
symptoms, whereas raised IgE and production of Th2 cytokines was 
associated with milder or absent gastrointestinal symptoms but urti-
carial, angioedema and anaphylaxis.30 This suggests that symptoms of 
anisakiasis may be largely dependent on the host immune response 
rather than the larvae themselves, with strong Th2 responders exhib-
iting allergic reactions that help expel the larvae and Th1 responders 
developing a more inflammatory response associated with gastroin-
testinal pain. In accordance with this, a patient parasitized with over 
200 larvae was found to have low IgE levels and increased neutro-
phils,147 and another patient parasitized with 56 larvae presented with 
epigastric pain and nausea but no allergic symptoms.148 However, as 
previously mentioned, it is also possible that a high parasite burden 
and the ensuing tissue damage suppress allergic responses.
1.10 | Prevention of anisakiasis and exposure to 
Anisakis proteins
Anisakiasis can occur after consumption of infected seafood that is 
served raw, undercooked, pickled, citrus juice- marinated or smoked. 
To prevent anisakiasis, it is recommended to cook seafood well (above 
60°C for at least 1 min at the core or to freeze it for at least 24 hours 
at −20°C or 15 hours at −35°C to kill the parasites 4,114,149,150). In 
some studies, anisakid larvae in fish from Pacific regions were able 
to survive −20°C for longer periods (52 hours to 4 days); therefore, 
the FDA recommends freezing for 1 week at −20°C or blast freezing 
at −35°C for 15 hours.4 The freezing time can depend on the thick-
ness of the fish. Overall, thorough cooking or freezing renders the 
fish safe for consumption. Anisakiasis cases in the Netherlands due to 
consumption of raw herrings virtually disappeared after strict rules for 
freezing of fish to be consumed raw were enforced. However, cultural 
preferences for fresh raw or pickled fish mean that cases of anisakiasis 
are likely to continue to occur.
Additional measures to reduce infections aim to decrease the 
number of parasites present within seafood products by harvesting 
and storage methods.151 The type and size of fish harvested should be 
considered.151 Many parasites accumulate in the host over the course 
of lifetime of the fish, with larger, piscivorous fish more heavily para-
sitized.1,14,151 Certain geographic locations of fish stocks also develop 
reputations for being parasite- rich due to the relative abundance of 
intermediate or definitive hosts and can be avoided by fishing ves-
sels.1,151 After being caught, fish may be gutted immediately to pre-
vent larvae migrating from the viscera into the flesh after the death 
of the fish and/or the increase in temperature.1,14,18,21,151,152 Some 
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authors were unable to detect migration of Anisakis larvae to the mus-
cles of fish post- mortem,1,153 while others did find increased larvae in 
the muscles over time.14,152,154 After gutting of fish, disposal of infect-
ed viscera at sea may lead to infections of fish which feed on the dis-
carded materials1,21; therefore, safe disposal should be encouraged to 
prevent re- entry of Anisakis into the food chain. At cold temperatures, 
most Anisakis larvae remain encysted and attached to the viscera of 
the fish, but smaller numbers are found within the flesh of the fish, 
suggesting intra-vitam migration.152 The distribution of larvae within 
tissues of fish appears to be affected by the species of parasite, the 
species of fish, water temperatures and the storage conditions of the 
fish after capture.1 In a Japanese study, A. simplex was more commonly 
found in the flesh of the fish than A. pegreffi, which was suggested 
to explain why most cases of anisakiasis in Japan are caused by this 
species.155
Aquaculture, for example farming of salmon, can produce fish in 
which parasites are reduced or absent.1,114,151,156 Salmon fed on pel-
leted feed and housed in cages raised off the sea bed are primarily 
nematode- free due to the break in the life cycle of the nematodes 
114 and may also be trematode free if they originate from hatcheries 
in snail- free environments.151 Farmed cod are often fed with unpro-
cessed marine fish or offal, so the risk is high that parasites can be 
transferred to the cultured fish.114
2  | CONCLUSIONS
Zoonoses such as anisakiasis link animal and human populations and 
may be affected by activities such as intensification of fishing, cultural 
changes in eating habits, environmental alterations including climate 
change, fishing practices and movement of human and animal popula-
tions.1 Zoonotic infection with the marine nematode Anisakis is pri-
marily associated with infiltration of eosinophils and the formation of 
granulomas in the gastrointestinal tract. However, infection gives rise 
to an unusual situation in which re- infection leads to severe allergic 
reactions in some infected individuals that appears to aid in expelling 
the parasites, putting anisakiasis on the border between parasitism 
and allergic disease.
REFERENCES
 1. Chai JY, Darwin Murrell K, Lymbery AJ. Fish- borne parasitic zoono-
ses: status and issues. Int J Parasitol. 2005;35:1233–1254.
 2. Deardorff TL, Kayes SG, Fukumura T. Human anisakiasis transmitted 
by marine food products. Hawaii Med J. 1991;50:9–16.
 3. McCarthy J, Moore TA. Emerging helminth zoonoses. Int J Parasitol. 
2000;30:1351–1360.
 4. Audicana MT, Kennedy MW. Anisakis simplex: from obscure infec-
tious worm to inducer of immune hypersensitivity. Clin Microbiol Rev. 
2008;21:360–379, table of contents.
 5. Daschner A, Alonso-Gomez A, Cabanas R, Suarez-de-Parga 
JM, Lopez-Serrano MC. Gastroallergic anisakiasis: borderline 
between food allergy and parasitic disease- clinical and allergo-
logic evaluation of 20 patients with confirmed acute parasitism 
by Anisakis simplex. J Allergy Clin Immunol. 2000;105(1 Pt 1):176–
181.
 6. Fumarola L, Monno R, Ierardi E, et al. Anisakis pegreffi etiological 
agent of gastric infections in two Italian women. Foodborne Pathog 
Dis. 2009;6:1157–1159.
 7. Mattiucci S, Fazii P, De Rosa A, et al. Anisakiasis and gastroallergic 
reactions associated with Anisakis  pegreffii infection, Italy. Emerg 
Infect Dis. 2013;19:496–499.
 8. Ishikura H, Kikuchi K, Nagasawa K, et al. Anisakidae and anisakidosis. 
Prog Clin Parasitol. 1993;3:43–102.
 9. Rosales M, Mascaro C, Fernandez C, et al. Acute intestinal anisakia-
sis in Spain: a fourth- stage Anisakis simplex larva. Mem Inst Oswaldo 
Cruz. 1999;94:823–826.
 10. Arizono N, Miura T, Yamada M, Tegoshi T, Onishi K. Human infec-
tion with Pseudoterranova  azarasi roundworm. Emerg Infect Dis. 
2011;17:555–556.
 11. Yu JR, Seo M, Kim YW, Oh MH, Sohn WM. A human case of gas-
tric infection by Pseudoterranova decipiens larva. Korean J Parasitol. 
2001;39:193–196.
 12. Lopes LP, Pimpao DM, Takemoto RM, Malta JC, Varella AM. Hystero-
thylacium larvae (Nematoda, Anisakidae) in the freshwater mussel 
Diplodon suavidicus (Lea, 1856) (Mollusca, Unioniformes, Hyriidae) 
in Aripuana River, Amazon, Brazil. J Invertebr Pathol. 2011;106:357–
359.
 13. Gonzalez-Amores Y, Clavijo-Frutos E, Salas-Casanova C, Alcain-Mar-
tinez G. Direct parasitologial diagnosis of infection with Hysterothy-
lacium aduncum in a patient with epigastralgia. Rev Esp Enferm Dig. 
2015;107:699–700.
 14. Smith JW, Wootten R. Anisakis and anisakiasis. Adv Parasitol. 
1978;16:93–163.
 15. Bouree P, Paugam A, Petithory JC. Anisakidosis: report of 25 cases 
and review of the literature. Comp Immunol Microbiol Infect Dis. 
1995;18:75–84.
 16. Kassai T, Cordero del Campillo M, Euzeby J, Gaafar S, Hiepe T, 
Himonas CA. Standardized nomenclature of animal parasitic  diseases 
(SNOAPAD). Vet Parasitol. 1988;29:299–326.
 17. Kassai T. Nomenclature for parasitic diseases: cohabitation with 
inconsistency for how long and why? Vet Parasitol. 2006;138:169–
178.
 18. van Thiel PH, van Houten H. The localization of the herringworm 
Anisakis marina in- and outside the human gastro- intestinal wall. Trop 
Geogr Med. 1967;19:56–62.
 19. Mattiucci S, Nascetti G, Clanchi R, et al. Genetic and ecological data 
on the Anisakis simplex complex, with evidence for a new species 
(Nematoda, Ascaridoidea, Anisakidae). J Parasitol. 1997;83:401–416.
 20. Stromnes E, Andersen K. “Spring rise” of whaleworm (Anisakis sim-
plex; Nematoda, Ascaridoidea) third- stage larvae in some fish spe-
cies from Norwegian waters. Parasitol Res. 2000;86:619–624.
 21. Abollo E, Gestal C, Pascual S. Anisakis infestation in marine fish and 
cephalopods from Galician waters: an updated perspective. Parasitol 
Res. 2001;87:492–499.
 22. Kuhn T, Garcia-Marquez J, Klimpel S. Adaptive radiation within 
marine anisakid nematodes: a zoogeographical modeling of cosmo-
politan, zoonotic parasites. PLoS ONE. 2011;6:e28642.
 23. Quiazon KM, Santos MD, Yoshinaga T. Anisakis species (Nema-
toda: Anisakidae) of Dwarf Sperm Whale Kogia sima (Owen, 1866) 
stranded off the Pacific coast of southern Philippine archipelago. Vet 
Parasitol. 2013;197:221–230.
 24. Klimpel S, Kellermanns E, Palm HW. The role of pelagic swarm fish 
(Myctophidae: Teleostei) in the oceanic life cycle of Anisakis sibling 
species at the Mid- Atlantic Ridge, Central Atlantic. Parasitol Res. 
2008;104:43–53.
 25. Mattiucci S, Nascetti G. Molecular systematics, phylogeny and ecol-
ogy of anisakid nematodes of the genus Anisakis Dujardin, 1845: an 
update. Parasite. 2006;13:99–113.
 26. Mattiucci S, Nascetti G. Advances and trends in the molecular sys-
tematics of anisakid nematodes, with implications for their evolu-
     |  555NieuweNhuizeN
tionary ecology and host- parasite co- evolutionary processes. Adv 
Parasitol. 2008;66:47–148.
 27. Mattiucci S, Paoletti M, Webb SC. Anisakis nascettii n. sp. (Nematoda: 
Anisakidae) from beaked whales of the southern hemisphere: mor-
phological description, genetic relationships between congeners and 
ecological data. Syst Parasitol. 2009;74:199–217.
 28. Kang DB, Oh JT, Park WC, Lee JK. Small bowel obstruction caused 
by acute invasive enteric anisakiasis. Korean J Gastroenterol. 
2010;56:192–195.
 29. Kikuchi Y, Ishikura H, Kikuchi K. Pathology of intestinal anisakiasis. 
In: Intestinal anisakiasis in Japan. Ishikura H, Kikuchi K, eds. Tokyo: 
Springer Verlag; 1990: 129–143.
 30. Gonzalez-Munoz M, Rodriguez-Mahillo AI, Moneo I. Different Th1/
Th2 responses to Anisakis simplex are related to distinct clinical man-
ifestations in sensitized patients. Parasite Immunol. 2010;32:67–73.
 31. Daschner A, Cuellar C. The hidden sense of symptoms: urticaria can 
be beneficial. Med Hypotheses. 2010;75:623–626.
 32. Tanabe M, Miyahira Y, Okuzawa E, Segawa M, Takeuchi T, Shinbo T. 
A case report of ectopic anisakiasis. Jpn J Parasitol. 1990;39:397–
399.
 33. Motta MRA, Pinheiro DCSN, Carvalho VL, Viana DA, Vicente ACP, 
Iniguez AM. Gastric lesions associated with the presence of Anisakis 
spp. Dujardin, 1845 (Nematoda: Anisakidae) in Cetaceans stranded 
on the coast of Ceara, Brazil. Biota Neotropica. 2008;8:91–95.
 34. Beron-Vera B, Crespo EA, Raga JA. Parasites in stranded cetaceans 
of Patagonia. J Parasitol. 2008;94:946–948.
 35. Jeon CH, Kim JH. Pathogenic potential of two sibling species, Ani-
sakis simplex (s.s.) and Anisakis pegreffii (Nematoda: Anisakidae): in 
vitro and in vivo studies. Biomed Res Int. 2015;2015:983656.
 36. Arizono N, Yamada M, Tegoshi T, Yoshikawa M. Anisakis simplex 
sensu stricto and Anisakis  pegreffii: biological characteristics and 
pathogenetic potential in human anisakiasis. Foodborne Pathog Dis. 
2012;9:517–521.
 37. Sakanari JA, McKerrow JH. Identification of the secreted neutral 
proteases from Anisakis simplex. J Parasitol. 1990;76:625–630.
 38. Migaki G, Heckmann RA, Albert TF. Gastric nodules caused by “Ani-
sakis type” larvae in the bowhead whale (Balaena mysticetus). J Wildl 
Dis. 1982;18:353–357.
 39. Jaber JR, Perez J, Arbelo M, Zafra R, Fernandez A. Pathological and 
immunohistochemical study of gastrointestinal lesions in dolphins 
stranded in the Canary Islands. Vet Rec. 2006;159:410–414.
 40. Sonoda H, Yamamoto K, Ozeki K, Inoye H, Toda S, Maehara Y. An 
anisakis larva attached to early gastric cancer: report of a case. Surg 
Today. 2015;45:1321–1325.
 41. Sakanari JA, McKerrow JH. Anisakiasis. Clin Microbiol Rev. 
1989;2:278–284.
 42. Fujisawa K, Matsumoto T, Yoshimura R, Ayabe S, Tominaga M. Endo-
scopic finding of a large vanishing tumor. Endoscopy. 2001;33:820.
 43. Cattan PE, Videla NN. The presence of Anisakis sp. larvae in the 
Pacific jack mackerel, Trachurus murphyi, Nichols, 1920 (some com-
ments on their relation with human eosinophilic granuloma) (author’s 
transl). Bol Chil Parasitol. 1976;31:71–74.
 44. Dominguez-Ortega J, Martinez-Alonso JC, Alonso-Llamazares A, 
et al. Measurement of serum levels of eosinophil cationic protein 
in the diagnosis of acute gastrointestinal anisakiasis. Clin Microbiol 
Infect. 2003;9:453–457.
 45. Iwasaki K, Torisu M. Anisakis and eosinophil. II. Eosinophilic phleg-
mon experimentally induced in normal rabbits by parasite- derived 
eosinophil chemotactic factor (ECF- P). Clin Immunol Immunopathol. 
1982;23:593–605.
 46. Tanaka J, Torisu M. Anisakis and eosinophil. I. Detection of a solu-
ble factor selectively chemotactic for eosinophils in the extract from 
Anisakis larvae. J Immunol. 1978;120:745–749.
 47. Feldmeier HPG, Poggensee U. The epidemiology, natural history, and 
diagnosis of human anisakiasis. Eur Microbiol. 1993;2:30–36.
 48. del Pozo V, Arrieta I, Tunon T, et al. Immunopathogenesis of human 
gastrointestinal infection by Anisakis simplex. J Allergy Clin Immunol. 
1999;104(3 Pt 1):637–643.
 49. Takatsu K. Interleukin 5 and B cell differentiation. Cytokine Growth 
Factor Rev. 1998;9:25–35.
 50. Tsutsumi Y, Fujimoto Y. Early gastric cancer superimposed on infes-
tation of an Anisakis- like larva: a case report. Tokai J Exp Clin Med. 
1983;8:265–273.
 51. Hirotsu T, Sonoda H, Uozumi T, et al. A highly accurate inclusive 
cancer screening test using Caenorhabditis elegans scent detection. 
PLoS ONE. 2015;10:e0118699.
 52. Petithory JC, Paugam B, Buyet-Rousset P, Paugam A. Anisakis sim-
plex, a co- factor of gastric cancer? Lancet. 1990;336:1002.
 53. Garcia-Perez JC, Rodriguez-Perez R, Ballestero A, et al. Previous 
exposure to the fish parasite Anisakis as a potential risk factor for gas-
tric or colon adenocarcinoma. Medicine (Baltimore). 2015;94:e1699.
 54. Porta C, Riboldi E, Sica A. Mechanisms linking pathogens- associated 
inflammation and cancer. Cancer Lett. 2011;305:250–262.
 55. Rim HJ. The current pathobiology and chemotherapy of clonorchia-
sis. Kisaengchunghak Chapchi. 1986;24(Suppl.):1–141.
 56. Galioto AM, Hess JA, Nolan TJ, Schad GA, Lee JJ, Abraham D. Role 
of eosinophils and neutrophils in innate and adaptive protective 
immunity to larval strongyloides stercoralis in mice. Infect Immun. 
2006;74:5730–5738.
 57. Meeusen EN, Balic A. Do eosinophils have a role in the killing of 
helminth parasites? Parasitol Today. 2000;16:95–101.
 58. Loukas A, Prociv P. Immune responses in hookworm infections. Clin 
Microbiol Rev. 2001;14:689–703, table of contents.
 59. Takamoto M, Ovington KS, Behm CA, Sugane K, Young IG, Matthaei 
KI. Eosinophilia, parasite burden and lung damage in Toxocara canis 
infection in C57Bl/6 mice genetically deficient in IL- 5. Immunology. 
1997;90:511–517.
 60. Finkelman FD, Shea-Donohue T, Morris SC, et al. Interleukin- 4- and 
interleukin- 13- mediated host protection against intestinal nema-
tode parasites. Immunol Rev. 2004;201:139–155.
 61. Gause WC, Urban JF Jr, Stadecker MJ. The immune response to 
parasitic helminths: insights from murine models. Trends Immunol. 
2003;24:269–277.
 62. Nagler-Anderson C. Helminth- induced immunoregulation of an 
allergic response to food. Chem Immunol Allergy. 2006;90:1–13.
 63. Noel W, Raes G, Hassanzadeh Ghassabeh G, De Baetselier P, Bes-
chin A. Alternatively activated macrophages during parasite infec-
tions. Trends Parasitol. 2004;20:126–133.
 64. Maizels RM, Bundy DA, Selkirk ME, Smith DF, Anderson RM. Immu-
nological modulation and evasion by helminth parasites in human 
populations. Nature. 1993;365:797–805.
 65. Miller HR. Prospects for the immunological control of ruminant gas-
trointestinal nematodes: natural immunity, can it be harnessed? Int J 
Parasitol. 1996;26:801–811.
 66. Gomez B, Tabar AI, Tunon T, et al. Eosinophilic gastroenteritis and 
Anisakis. Allergy. 1998;53:1148–1154.
 67. Else KJ, Finkelman FD. Intestinal nematode parasites, cytokines and 
effector mechanisms. Int J Parasitol. 1998;28:1145–1158.
 68. Maizels RM. Infections and allergy – helminths, hygiene and host 
immune regulation. Curr Opin Immunol. 2005;17:656–661.
 69. Urban JF Jr, Madden KB, Svetic A, et al. The importance of Th2 
cytokines in protective immunity to nematodes. Immunol Rev. 
1992;127:205–220.
 70. Lawrence CE. Is there a common mechanism of gastrointestinal 
nematode expulsion? Parasite Immunol. 2003;25:271–281.
 71. Harris N, Gause WC. To B or not to B: B cells and the Th2- type 
immune response to helminths. Trends Immunol. 2011;32:80–88.
 72. Makepeace BL, Martin C, Turner JD, Specht S. Granulocytes in 
helminth infection – who is calling the shots? Curr Med Chem. 
2012;19:1567–1586.
556  |     NieuweNhuizeN
 73. Specht S, Saeftel M, Arndt M, et al. Lack of eosinophil peroxidase or 
major basic protein impairs defense against murine filarial infection. 
Infect Immun. 2006;74:5236–5243.
 74. Abraham D, Leon O, Schnyder-Candrian S, et al. Immunoglobulin E 
and eosinophil- dependent protective immunity to larval Onchocerca 
volvulus in mice immunized with irradiated larvae. Infect Immun. 
2004;72:810–817.
 75. Capron M, Capron A. Immunoglobulin E and effector cells in schisto-
somiasis. Science. 1994;264:1876–1877.
 76. Dunne DW, Butterworth AE, Fulford AJ, et al. Immunity after treat-
ment of human schistosomiasis: association between IgE antibodies 
to adult worm antigens and resistance to reinfection. Eur J Immunol. 
1992;22:1483–1494.
 77. Kooyman FN, Schallig HD, Van Leeuwen MA, et al. Protection 
in lambs vaccinated with Haemonchus contortus antigens is age 
related, and correlates with IgE rather than IgG1 antibody. Parasite 
Immunol. 2000;22:13–20.
 78. Horsnell WG, Vira A, Kirstein F, et al. IL- 4Ralpha- responsive smooth 
muscle cells contribute to initiation of TH2 immunity and pulmonary 
pathology in Nippostrongylus brasiliensis infections. Mucosal Immu-
nol. 2011;4:83–92.
 79. Negrao-Correa D, Teixeira MM. The mutual influence of nematode 
infection and allergy. Chem Immunol Allergy. 2006;90:14–28.
 80. Nieuwenhuizen N, Lopata AL, Jeebhay MF, Herbert DR, Robins TG, 
Brombacher F. Exposure to the fish parasite Anisakis causes aller-
gic airway hyperreactivity and dermatitis. J Allergy Clin Immunol. 
2006;117:1098–1105.
 81. Nieuwenhuizen NE, Lopata AL. Anisakis – a food- borne parasite that 
triggers allergic host defences. Int J Parasitol. 2013;43:1047–1057.
 82. Palm NW, Medzhitov R. Role of the inflammasome in defense against 
venoms. Proc Natl Acad Sci U S A. 2013;110:1809–1814.
 83. Yazdanbakhsh M, van den Biggelaar A, Maizels RM. Th2 responses 
without atopy: immunoregulation in chronic helminth infections and 
reduced allergic disease. Trends Immunol. 2001;22:372–377.
 84. Daschner A, Alonso-Gómez A, Cabañas R, Suarez-de-Parga JM, 
López-Serrano MC. Gastroallergic anisakiasis: borderline between 
food allergy and parasitic disease- clinical and allergologic evaluation 
of 20 patients with confirmed acute parasitism by Anisakis simplex. 
J Allergy Clin Immunol. 2000;1:176–181.
 85. Mangan NE, Fallon RE, Smith P, van Rooijen N, McKenzie AN, Fallon 
PG. Helminth infection protects mice from anaphylaxis via IL- 10- 
producing B cells. J Immunol. 2004;173:6346–6356.
 86. Allen JE, Maizels RM. Diversity and dialogue in immunity to hel-
minths. Nat Rev Immunol. 2011;11:375–388.
 87. Allen JE, Wynn TA. Evolution of Th2 immunity: a rapid repair response 
to tissue destructive pathogens. PLoS Pathog. 2011;7:e1002003.
 88. Amano T, Nakazawa M, Sugiyama H, Secor WE, Oshima T. Specific 
antibody patterns of Wistar rats inoculated with third stage larvae of 
Anisakis simplex. J Parasitol. 1995;81:536–542.
 89. Balic A, Harcus Y, Holland MJ, Maizels RM. Selective maturation 
of dendritic cells by Nippostrongylus brasiliensis- secreted proteins 
drives Th2 immune responses. Eur J Immunol. 2004;34:3047–3059.
 90. Cervi L, MacDonald AS, Kane C, Dzierszinski F, Pearce EJ. Cutting 
edge: dendritic cells copulsed with microbial and helminth antigens 
undergo modified maturation, segregate the antigens to distinct 
intracellular compartments, and concurrently induce microbe- 
specific Th1 and helminth- specific Th2 responses. J Immunol. 
2004;172:2016–2020.
 91. Hammad H, Plantinga M, Deswarte K, et al. Inflammatory den-
dritic cells–not basophils–are necessary and sufficient for induction 
of Th2 immunity to inhaled house dust mite allergen. J Exp Med. 
2010;207:2097–2111.
 92. Loke P, Gallagher I, Nair MG, et al. Alternative activation is an innate 
response to injury that requires CD4 +  T cells to be sustained during 
chronic infection. J Immunol. 2007;179:3926–3936.
 93. Robinson DS. The role of the T cell in asthma. J Allergy Clin Immunol. 
2010;126:1081–1091; quiz 92–3.
 94. Oyoshi MK, Larson RP, Ziegler SF, Geha RS. Mechanical injury polar-
izes skin dendritic cells to elicit a T(H)2 response by inducing cutane-
ous thymic stromal lymphopoietin expression. J Allergy Clin Immunol. 
2010;126:976–984, 84 e1-5.
 95. Soumelis V, Reche PA, Kanzler H, et al. Human epithelial cells trigger 
dendritic cell mediated allergic inflammation by producing TSLP. Nat 
Immunol. 2002;3:673–680.
 96. Idzko M, Hammad H, van Nimwegen M, et al. Extracellular ATP 
 triggers and maintains asthmatic airway inflammation by activating 
dendritic cells. Nat Med. 2007;13:913–919.
 97. Phillips C, Coward WR, Pritchard DI, Hewitt CR. Basophils express a 
type 2 cytokine profile on exposure to proteases from helminths and 
house dust mites. J Leukoc Biol. 2003;73:165–171.
 98. Donnelly S, Dalton JP, Loukas A. Proteases in helminth- and aller-
gen- induced inflammatory responses. Chem Immunol Allergy. 
2006;90:45–64.
 99. Dudler T, Machado DC, Kolbe L, et al. A link between catalytic activ-
ity, IgE- independent mast cell activation, and allergenicity of bee 
venom phospholipase A2. J Immunol. 1995;155:2605–2613.
 100. Tort J, Brindley PJ, Knox D, Wolfe KH, Dalton JP. Proteinases and asso-
ciated genes of parasitic helminths. Adv Parasitol. 1999;43:161–266.
 101. Huang JR, Wu CC, Hou RC, Jeng KC. Bromelain inhibits 
lipopolysaccharide- induced cytokine production in human THP- 1 
monocytes via the removal of CD14. Immunol Invest. 2008;37:263–
277.
 102. Donnelly S, O’Neill SM, Stack CM, et al. Helminth cysteine proteases 
inhibit TRIF- dependent activation of macrophages via degradation 
of TLR3. J Biol Chem. 2010;285:3383–3392.
 103. Ghaemmaghami AM, Gough L, Sewell HF, Shakib F. The proteolytic 
activity of the major dust mite allergen Der p 1 conditions dendritic 
cells to produce less interleukin- 12: allergen- induced Th2 bias deter-
mined at the dendritic cell level. Clin Exp Allergy. 2002;32:1468–1475.
 104. Hewitt CR, Brown AP, Hart BJ, Pritchard DI. A major house dust 
mite allergen disrupts the immunoglobulin E network by selec-
tively cleaving CD23: innate protection by antiproteases. J Exp Med. 
1995;182:1537–1544.
 105. Schulz O, Sewell HF, Shakib F. Proteolytic cleavage of CD25, the 
alpha subunit of the human T cell interleukin 2 receptor, by Der p 
1, a major mite allergen with cysteine protease activity. J Exp Med. 
1998;187:271–275.
 106. Lewkowich IP, Day SB, Ledford JR, et al. Protease- activated recep-
tor 2 activation of myeloid dendritic cells regulates allergic airway 
inflammation. Respir Res. 2011;12:122.
 107. Furmonaviciene R, Ghaemmaghami AM, Boyd SE, et al. The prote-
ase allergen Der p 1 cleaves cell surface DC- SIGN and DC- SIGNR: 
experimental analysis of in silico substrate identification and 
implications in allergic responses. Clin Exp Allergy. 2007;37:231–
242.
 108. Daschner A, Vega de la Osada F, Pascual CY. Allergy and parasites 
reevaluated: wide- scale induction of chronic urticaria by the ubiq-
uitous fish- nematode Anisakis simplex in an endemic region. Allergol 
Immunopathol (Madr). 2005;33:31–37.
 109. Daschner A, Cuellar C, Sanchez-Pastor S, Pascual CY, Martin-Este-
ban M. Gastro- allergic anisakiasis as a consequence of simultane-
ous primary and secondary immune response. Parasite Immunol. 
2002;24:243–251.
 110. Heffler E, Sberna ME, Sichili S, et al. High prevalence of Anisakis sim-
plex hypersensitivity and allergy in Sicily, Italy. Ann Allergy Asthma 
Immunol. 2016;116:146–150.
 111. Kasuya S, Hamano H, Izumi S. Mackerel- induced urticaria and Ani-
sakis. Lancet. 1990;335:665.
 112. Kasuya S, Koga K. Significance of detection of specific IgE in Anisakis- 
related diseases. Arerugi. 1992;41(2 Pt 1):106–110.
     |  557NieuweNhuizeN
 113. Choi SJ, Lee JC, Kim MJ, Hur GY, Shin SY, Park HS. The clinical 
characteristics of Anisakis allergy in Korea. Korean J Intern Med. 
2009;24:160–163.
 114. Hazards EPoB. Scientific opinion on risk assessment of parasites in 
fishery products. EFSA J. 2010;8:1543–1634.
 115. Audicana MT, Ansotegui IJ, de Corres LF, Kennedy MW. Anisakis sim-
plex: dangerous–dead and alive? Trends Parasitol. 2002;18:20–25.
 116. Anibarro B, Seoane FJ, Mugica MV. Involvement of hidden aller-
gens in food allergic reactions. J  Investig  Allergol  Clin  Immunol. 
2007;17:168–172.
 117. Daschner A, Pascual CY. Anisakis simplex: sensitization and clinical 
allergy. Curr Opin Allergy Clin Immunol. 2005;5:281–285.
 118. Montoro A, Perteguer MJ, Chivato T, Laguna R, Cuellar C. Recidivous 
acute urticaria caused by Anisakis simplex. Allergy. 1997;52:985–991.
 119. Ventura MT, Napolitano S, Menga R, Cecere R, Asero R. Anisakis sim-
plex hypersensitivity is associated with chronic urticaria in endemic 
areas. Int Arch Allergy Immunol. 2013;160:297–300.
 120. Daschner A, Fernandez-Figares V, Valls A, et al. Different fish- eating 
habits and cytokine production in chronic urticaria with and without 
sensitization against the fish- parasite Anisakis simplex. Allergol Int. 
2013;62:191–201.
 121. Daschner A, Alonso-Gomez A, Lopez Serrano C. What does Anisakis 
simplex parasitism in gastro- allergic anisakiasis teach us about inter-
preting specific and total IgE values? Allergol  Immunopathol  (Madr). 
2000;28:67–70.
 122. Daschner A, Cuellar C, Rodero M. The Anisakis allergy debate: does 
an evolutionary approach help? Trends Parasitol. 2012;28:9–15.
 123. Alonso-Gomez A, Moreno-Ancillo A, Lopez-Serrano MC, et al. Ani-
sakis simplex only provokes allergic symptoms when the worm para-
sitises the gastrointestinal tract. Parasitol Res. 2004;93:378–384.
 124. Armentia A, Martin-Gil FJ, Pascual C, Martin-Esteban M, Callejo 
A, Martinez C. Anisakis simplex allergy after eating chicken meat. 
J Investig Allergol Clin Immunol. 2006;16:258–263.
 125. Perteguer MJ, Chivato T, Montoro A, Cuellar C, Mateos JM, Laguna R. 
Specific and total IgE in patients with recurrent, acute urticaria caused 
by Anisakis simplex. Ann Trop Med Parasitol. 2000;94:259–268.
 126. Trujillo MJ, Rodriguez A, Gracia Bara MT, et al. Dietary recommenda-
tions for patients allergic to Anisakis simplex. Allergol Immunopathol 
(Madr). 2002;30:311–314.
 127. Foti C, Nettis E, Cassano N, Di Mundo I, Vena GA. Acute allergic 
reactions to Anisakis simplex after ingestion of anchovies. Acta Derm 
Venereol. 2002;82:121–123.
 128. Anibarro B, Seoane FJ. Occupational conjunctivitis caused by sensi-
tization to Anisakis simplex. J Allergy Clin Immunol. 1998;102:331–
332.
 129. Armentia A, Lombardero M, Callejo A, et al. Occupational asthma by 
Anisakis simplex. J Allergy Clin Immunol. 1998;102:831–834.
 130. Carretero Anibarro P, Blanco Carmona J, Garcia Gonzalez F, et al. 
Protein contact dermatitis caused by Anisakis simplex. Contact Der-
matitis. 1997;37:247.
 131. Alonso A, Moreno-Ancillo A, Daschner A, Lopez-Serrano MC. 
Dietary assessment in five cases of allergic reactions due to gastroal-
lergic anisakiasis. Allergy. 1999;54:517–520.
 132. Sastre J, Lluch-Bernal M, Quirce S, et al. A double- blind, placebo- 
controlled oral challenge study with lyophilized larvae and antigen of 
the fish parasite, Anisakis simplex. Allergy. 2000;55:560–564.
 133. Nieuwenhuizen NE, Lopata AL. Allergic reactions to Anisakis found in 
fish. Curr Allergy Asthma Rep. 2014;14:455.
 134. Gonzalez-Fernandez J, Daschner A, Nieuwenhuizen NE, et al. Hae-
moglobin, a new major allergen of Anisakis simplex. Int J Parasitol. 
2015;45:399–407.
 135. Kobayashi Y, Kakemoto S, Shimakura K, Shiomi K. Molecular cloning 
and expression of a new major allergen, Ani s 14, from Anisakis sim-
plex. Shokuhin Eiseigaku Zasshi. 2015;56:194–199.
 136. Cho SW, Lee HN. Immune reactions and allergy in experimental ani-
sakiasis. Korean J Parasitol. 2006;44:271–283.
 137. Cho TH, Park HY, Cho S, et al. The time course of biological and 
immunochemical allergy states induced by Anisakis simplex larvae in 
rats. Clin Exp Immunol. 2006;143:203–208.
 138. Iglesias R, Leiro J, Ubeira FM, Santamarina MT, Sanmartin ML. Ani-
sakis simplex: antigen recognition and antibody production in exper-
imentally infected mice. Parasite Immunol. 1993;15:243–250.
 139. Jones RE, Deardorff TL, Kayes SG. Anisakis simplex: histopatholog-
ical changes in experimentally infected CBA/J mice. Exp Parasitol. 
1990;70:305–313.
 140. Kim JS, Kim KH, Cho S, et al. Immunochemical and biological analysis 
of allergenicity with excretory- secretory products of Anisakis simplex 
third stage larva. Int Arch Allergy Immunol. 2005;136:320–328.
 141. Perteguer MJ, Cuellar C. Isotype- specific immune responses in murine 
experimental anisakiasis. Zentralbl Veterinarmed B. 1998;45:603–610.
 142. Perteguer MJ, Rodero M, Flores JM, Dorea RC, Cuellar C. Cellular 
immune responses in mice immunized with Anisakis simplex larval 
antigens. Parasitol Res. 2001;87:396–404.
 143. Romero MC, Valero A, Navarro MC, Hierro I, Baron SD, Martin-San-
chez J. Experimental demonstration of pathogenic potential of 
Anisakis physeteris and Anisakis paggiae in Wistar rats. Parasitol Res. 
2014;113:4377–4386.
 144. del Carmen Romero M, Valero A, Navarro-Moll MC, Martin-Sanchez 
J. Experimental comparison of pathogenic potential of two sibling 
species Anisakis simplex s.s. and Anisakis pegreffii in Wistar rat. Trop 
Med Int Health. 2013;18:979–984.
 145. Perteguer MJ, Cuellar C. Interleukin- 4 production in BALB/c 
mice immunized with Anisakis simplex. Mem  Inst  Oswaldo  Cruz. 
2001;96:979–982.
 146. Abe N, Teramoto I. Oral inoculation of live or dead third- stage 
larvae of Anisakis simplex in rats suggests that only live larvae 
induce production of antibody specific to A. simplex. Acta Parasitol. 
2014;59:184–188.
 147. Jurado-Palomo J, Lopez-Serrano MC, Moneo I. Multiple acute 
parasitization by Anisakis simplex. J  Investig  Allergol  Clin  Immunol. 
2010;20:437–441.
 148. Kagei N, Isogaki H. A case of abdominal syndrome caused by 
the presence of a large number of Anisakis larvae. Int J Parasitol. 
1992;22:251–253.
 149. Adams AM, Miller KS, Wekell MM, Dong FM. Survival of Anisakis 
simplex in microwave- processed arrowtooth flounder (Atheresthes 
stomias). J Food Prot. 1999;62:403–409.
 150. Gustafson PV. The effect of freezing on encysted Anisakis larvae. 
J Parasitol. 1953;39:585–588.
 151. Adams AM, Murrell KD, Cross JH. Parasites of fish and risks to public 
health. Rev Sci Tech. 1997;16:652–660.
 152. Cipriani P, Bellisaro B, Sbaraglia GL, Cheleschi R, Nascetti G, Mat-
tiucci S. Larval migration of the zoonotic parasite Anisakis pegreffii 
(Nematode: Anisakidae) in European anchovy, Engraulis encrasicolus: 
implications to seafood safety. Food Control. 2016;59:148–157.
 153. Karl H, Baumann F, Ostermeyer U, Kuhn T, Klimpel S. Anisakis sim-
plex (s.s.) larvae in wild Alaska salmon: no indication of post- mortem 
migration from viscera into flesh. Dis Aquat Organ. 2011;94:201–209.
 154. Hauck AK. Occurrence and survival of the larval nematode Anisakis 
sp. in the flesh of fresh, frozen, brined, and smoked pacific herring, 
Clupea harengus pallasi. J Parasitol. 1977;63:515–519.
 155. Suzuki J, Murata R, Hosaka M, Araki J. Risk factors for human Ani-
sakis infection and association between the geographic origins of 
Scomber japonicus and anisakid nematodes. Int J Food Microbiol. 
2010;137:88–93.
 156. Levsen A, Maage A. Absence of parasitic nematodes in farmed, har-
vest quality Atlantic salmon (Salmo salar) in Norway – Results from a 
large scale survey. Food Control. 2016;68:25–29.
